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been	adopted	so	 far	 to	assess	 the	effects	of	 soil	management	on	nematode	com‐
munities	and	 to	calculate	 these	 food	web	 indices.	Here,	we	used	high‐throughput	
amplicon	sequencing	to	investigate	the	effects	of	tillage	(conventional	vs.	reduced)	
and	organic	matter	addition	(low	vs.	high)	on	nematode	communities	and	food	web	
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negatively	 affect	 soil	 processes	exerting	 threats	 (e.g.,	 soil	 erosion,	
compaction,	 acidification	 and	 organic	 matter	 losses)	 on	 chemical,	
physical	 and	 biological	 properties	 (Toth,	 Montanarella,	 &	 Rusco,	
2008).	 Tillage	 and	 fertilization	 are	 widespread	 soil	 management	













habitats,	 are	 generally	 bacterivores,	 tolerant	 to	 stress	 and	 pollut‐
ants,	with	 short	generation	 times,	while	persisters	poorly	 react	 to	
conditions	 of	 high	 food	 availability,	 are	 bigger	 omnivorous	 and/or	
predatory	 nematodes	 sensitive	 to	 stress,	 have	 longer	 generation	
times	and	generally	live	in	temporally	stable	habitat.	Many	species	
have	intermediate	characteristics.	Relative	abundance	of	nematode	
feeding	 and	 life‐history	 groups	 are	 used	 for	 calculating	 food	web	
indices,	 i.e.,	 the	maturity	 index	(MI:	measure	of	environmental	dis‐






Due	 to	 interactions	with	 other	 soil	 biota	 and	 the	 influence	 of	
chemical	 and	 physical	 abiotic	 factors	 (Bongers	 &	 Ferris,	 1999),	
changes	induced	by	soil	management	affect	nematode	communities	
(Ferris	&	Bongers,	2006;	Sánchez‐Moreno,	Nicola,	Ferris,	&	Zalom,	
2009).	 These	 changes	 in	 the	 nematode	 community	 can	 be	 due	 to	




information	 from	 soil	 chemical,	 physical	 and	 biological	 properties	
(Mekonen	et	al.,	2017;	Neher,	2001).	This	can	 increase	our	under‐





such	 as	 tillage	 and	 fertilization	 (Moura	&	 Franzener,	 2017;	 Yeates	




or	with	perennial	 crops	 (Liu	 et	 al.,	 2016;	Niles	&	Freckman,	1998;	











nities	 to	 tillage	 and	 fertilization	was	 studied	 in	 single	 field	 experi‐
ments	 (Ito,	 Araki,	 Komatsuzaki,	 Kaneko,	 &	 Ohta,	 2015;	 Quist	 et	








T‐RFLP)	 are	 faster,	 cheaper,	 and	 allow	 higher	 throughput	 than	 vi‐
sual	methods	 (Ahmed,	Sapp,	Prior,	Karssen,	&	Back,	2016;	Geisen	
et	al.,	2018).	Amplicon	sequencing	may	allow	identification	of	taxa	
that	 cannot	 be	 distinguished	 morphologically.	 One	 limitation	 of	
PCR‐based	molecular	methods	is	that	not	actual	abundances	of	the	
specimen	 but	 rather	 their	 relative	 number	 of	 DNA	 copies	 are	 as‐
sessed	(Porazinska	et	al.,	2009;	Waite	et	al.,	2003).	However,	there	








age	 and	 organic	matter	 addition	 on	 nematode	 qPCR	 counts,	 alpha‐	
and	 beta‐diversity,	 and	 food	web	 indices	 as	measured	 by	 amplicon	






















2  | MATERIAL S AND METHODS





This	 selection	 covered	 five	 different	 European	 climatic	 zones	
(Köppen,	1918;	Figure	1,	Table	S1)	and	six	soil	textural	classes	(Table	
S1;	WRB,	2014).
Each	 LTE	 had	 unique	 management	 characteristics	 and	 a	 dif‐
ferent	 experimental	 design,	 with	 three	 or	 four	 replicates	 per	
treatment	 (Table	 S1).	 However,	 LTEs	 were	 comparable	 because	
the	main	soil	management	types	were	tillage	(T)	and	organic	mat‐





low	 organic	 matter	 addition	 (LOW,	 no	 organic	 matter	 additions	
or	only	mineral	 fertilization)	 versus	high	organic	matter	 addition	













fect	due	to	 tillage.	After	soil	 sampling,	400	g	of	 the	samples	were	
air‐dried	(40°C)	for	subsequent	chemical	analysis.	Fresh	soil	samples	
were	 sent	 to	Wageningen	University	 (The	Netherlands),	 Research	
Institute	 of	 Organic	 Agriculture	 (Frick,	 Switzerland),	 University	 of	
Trier	(Germany)	and	University	Miguel	Hernandez	(Alicante,	Spain),	
and	air‐dried	samples	were	sent	to	University	of	Ljubljana	(Slovenia).	
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Upon	 arrival,	 the	 samples	were	 sieved	 at	 5	mm	 and,	 when	 fresh,	
stored	at	3°C	until	further	processing.
2.3 | Chemical, physical and biological 
soil properties
The	 following	 soil	 properties	 were	 measured	 for	 this	 study:	 total	
organic	carbon	(TOC:	%),	pH	(CaCl2),	 total	nitrogen	(TN:	%),	cation	
exchange	capacity	(CEC:	mmol	100	g	soil),	plant	available	phospho‐
rus	 (P:	 mg/kg	 soil),	 plant	 available	 potassium	 (K:	 mg/kg	 soil),	 ex‐
changeable	magnesium,	calcium,	and	sodium	(Mg2+,	Ca2+,	Na+;	mg/
kg	 soil),	water‐stable	 aggregates	 (WSA:	mg/kg	 soil),	water	holding	
capacity	 (WHC:	 %),	 bulk	 density	 (BD:	 g/cm3),	 percentages	 of	 silt,	
clay,	 and	 sand,	 microbial	 biomass	 carbon	 (MBC:	 mg/kg	 soil),	 mi‐
crobial	biomass	nitrogen	(MBN:	mg/kg	soil),	soil	respiration	(SR:	μg	
CO2‐C	 hr







parameters,	 five	 different	 labile	 carbon	 fractions	 were	measured:	








sampling	and	 the	details	of	 the	methodology	and	 locations	where	
the	 analyses	 took	 place	 are	 presented	 in	 Table	 S2	 (modified	 from	
Bongiorno,	Postma,	et	al.,	2019).
2.4 | Nematode analysis
2.4.1 | Nematode extraction, DNA extraction and 
DNA purification
Within	 2	 weeks	 after	 sampling	 nematodes	 were	 extracted	
from	 100	 g	 field	 moist	 subsamples	 using	 a	 modified	 elutriator	
(Oostenbrink,	 1960).	 Thereafter	 nematodes	 were	 incubated	 for	




per	 100	 g	 of	 field	 moist	 soil.	 The	 nematode	 suspensions	 were	
subsequently	concentrated	and	lysed	with	a	lysis	buffer	contain‐
ing	 proteinase	 K,	 β‐mercaptoethanol	 and	 an	 internal	 mamma‐
lian	standard	 in	order	to	correct	for	the	 loss	of	DNA	during	 lysis	




2.4.2 | Quantitative PCR (qPCR) analysis of total 
nematode DNA
The	purified	DNA	extracts	were	used	as	templates	in	qPCR	using	
two	primer	 sets	 to	 assess	 total	 nematode	 densities	 (Quist	 et	 al.,	
2017;	 Vervoort	 et	 al.,	 2012).	 The	 first	 primer	 set	 targeted	 DNA	
across	 the	phylum	Nematoda	and	the	second	targeted	the	mam‐
malian	 internal	standard.	After	 the	qPCR	reactions,	 the	Ct‐values	
obtained	were	related	to	the	microscopic	counts	to	obtain	a	calibra‐
tion	curve	at	the	10Log	scale	(see	Vervoort	et	al.,	2012).	Thereafter,	







handling.	 Throughout	 the	manuscript	 qPCR‐based	 quantification	
of	nematode	densities	is	referred	to	as	“nematode	qPCR	counts”.
2.4.3 | 18S rRNA gene amplification and sequencing






universal	 eukaryotic	 primers	 3NDf	 (5′‐GGCAAGTCTGGTGCCAG‐3′)	













Reagent	kit	 v3	 (600	cycles)	 from	 Illumina.	After	 sequencing,	 the	 se‐





merging	 efficiency	of	 the	 forward	 (R1)	 and	 reverse	 (R2)	 reads	was	















2.4.5 | Nematode alpha diversity, trophic 







genus	diversity	was	 calculated	 as	 the	 exponential	 of	 the	 Shannon	
Index	(Magurran,	1988):







orous,	 fungivorous,	 herbivorous,	 predators	 and	 omnivorous	 nema‐
todes),	maturity	index	(MI),	enrichment	index	(EI),	structure	index	(SI),	
and	channel	 index	 (CI),	 according	 to	 the	classification	of	nematode	
OTUs	 into	 functional	 groups,	 uploading	 the	 count	 table	 based	 on	
OTU	observed	abundance	with	taxonomic	information	obtained	after	










rstudio	 version	 1.1.456	 (R	 Development	 Core	 Team,	 2013;	 RStudio	
Team,	2016).	The	R	script	is	provided	as	Appendix	S2,	and	a	workflow	

















et	 al.,	 2015).	 Canonical	 analysis	 of	 proximities	 (CAP)	 with	 vegan	
function	capscale	was	performed	to	visualize	and	test	the	relation‐
ships	 between	 the	 nematode	 community	 and	 the	most	 important	
soil	 chemical,	 physical	 and	 biological	 parameters	measured	 in	 the	







2.5.2 | Effects of tillage and organic matter 
additions on nematode qPCR counts, alpha and 
beta diversity

























linear	mixed	 effect	models.	Mixed	models	were	 used	 to	 take	 into	
account	 the	possible	 correlations	 introduced	by	 the	multisite	 field	
experiments	 and	 to	 generalize	 the	 effect	 of	 the	 soil	management	
practices	 across	 the	 different	 LTEs	 (Bongiorno,	 Bünemann,	 et	 al.,	
2019).	 The	 tillage	 and/or	 the	 soil	 organic	 matter	 addition	 and,	 if	
present,	 the	 layer,	 their	 two‐way	 and	 possibly	 three‐way	 interac‐
tions	were	used	as	fixed	factors.	Random	effects	for	LTEs,	blocks,	
main	plots	and	subplots	were	introduced	in	the	models	to	represent	














We	 then	 performed	multivariate	 analysis	 of	 nematode	 com‐
munities	 on	 Bray‐Curtis	 dissimilarities	 as	 outlined	 by	 Anderson	
and	Willis	 (2003)	using	squared‐root	TSS	normalized	data.	Using	
a	permutational	multivariate	analysis	of	variance	 (PERMANOVA)	
with	104	 permutations	we	 tested	 the	effect	of	 tillage	and/or	or‐
ganic	matter	and,	 if	present,	 the	 layer	on	the	community	dissim‐
ilarity.	In	this	analysis,	the	LTE	was	specified	as	random	factor	in	
the	strata	argument	which	restricts	permutations	 to	within	LTEs	










2.5.3 | Relationships between nematodes and 
soil parameters
Partial	 correlations,	 correcting	 for	 the	 variation	 caused	 by	 the	 in‐











2.5.4 | Identification of putative indicator OTUs
Determination	of	nematode	OTUs	associated	with	specific	manage‐
ment	combinations	was	done	using	correlation‐based	indicator	anal‐










3.1 | Nematode beta diversity across the long‐term 
field experiments
In	the	CAP,	the	community	composition	showed	a	clustering	of	sam‐














3.2 | Effect of soil management on total nematode 
qPCR counts and alpha diversity
In	group	A	(i.e.,	LTEs	with	tillage	and	organic	matter	addition	as	treat‐
ments,	 sampled	 at	 two	 soil	 depths),	 nematode	 qPCR	 counts	were	
higher	in	the	first	layer	(0–10	cm)	than	in	the	second	layer	(10–20	cm;	
Table	1).	We	 found	higher	 nematode	OTU	 richness,	 diversity,	 and	
evenness	and	genus	diversity	and	evenness	in	reduced	tillage	com‐
pared	 to	 conventional	 tillage	 across	 the	 LTEs	 of	 group	 A.	 In	 this	








between	 0–20	 cm	 soil	 depth),	 we	 found	 no	 significant	 effects	 of	
organic	matter	addition	on	total	nematode	qPCR	counts,	OTU	and	
genus	richness	and	diversity	(Table	1).
3.3 | Effect of soil management on beta diversity




and	the	 interaction	between	tillage	and	 layer	 (R2	=	 .006,	p	=	 .002)	







of	 variation,	 respectively.	 CAP1	 axis	 separated	 the	 samples	 be‐
longing	to	the	 lower	 layer	of	reduced	tillage	from	the	rest,	while	
CAP2	 axis,	 from	 top	 to	 bottom,	 separated	 the	 different	 tillage	
treatments.
In	group	B,	PERMANOVA	did	not	reveal	effects	of	organic	mat‐






3.4 | Effect of soil management on nematode 
trophic groups and food web indices
Bacterivorous	 nematodes	were	 the	most	 abundant	 trophic	 group,	
followed	 by	 herbivorous,	 fungivorous,	 omnivorous	 and	 predatory	
nematodes	 (Table	2,	Table	S7).	For	group	A,	we	found	a	stratifica‐
tion	effect	of	reduced	tillage	on	relative	abundance	of	bacterivorous	
nematodes,	with	 lower	values	 in	the	 lower	than	 in	the	upper	 layer	
(24%	 lower,	p	 =	 .0005;	 Figure	 S4).	 The	 proportion	 of	 herbivorous	















in	 plots	where	 reduced	 tillage	was	 applied	 (MI	 =	 1.8,	 SI	 =	 37.0,	
CI	 =	 8.0)	 than	 in	 conventional	 tillage	 plots	 (MI	 =	 1.6,	 SI	 =	 29.8,	
CI	=	5.0),	while	the	EI	was	significantly	higher	under	conventional	
tillage	 (EI	 =	 81.1)	 than	 under	 reduced	 tillage	 (EI	 =	 75.1;	 Table	 3,	
Figure	4).	We	found	significantly	higher	values	of	MI	in	the	upper	
(MI	 =	 1.7)	 than	 in	 the	 lower	 layer	 (MI	 =	 1.6),	 and	 significantly	
higher	values	of	EI	in	the	lower	(EI	=	79.4)	than	in	the	upper	layer	
(EI	=	76.8;	Table	3).	Accordingly,	we	found	a	13%	higher	proportion	
of	 c‐p	 1	 (colonizers)	 and	 a	 32%	 lower	 proportion	 of	 c‐p	 4	 (per‐
sisters)	 in	 the	 lower	 layer	 than	 in	 the	upper	 layer	 (Table	S8),	but	
in	 terms	 of	 absolute	 abundance	 the	 c‐p	 1	 nematodes	were	 29%	
higher	in	the	upper	layer	(2,286	nematodes	100	g	field	moist	soil−1)	
compared	 to	 the	 lower	 one	 (1,812	 nematodes	 100	 g	 field	moist	
soil−1;	Table	S9).










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































3.5 | Relationships between soil parameters and 
nematode communities




logical	 (SR,	MBC,	MBN,	 qMic,	 soil	 suppressiveness)	 parameters,	
and	 with	 four	 of	 the	 labile	 carbon	 fractions	 (Hy‐DOC,	 POXC,	
HWEC,	 and	 POMC).	 Negative	 correlations	were	 found	with	 the	























3.6 | Indicator OTUs for tillage and organic 
matter addition
Out	 of	 349	OTUs	 finally	 used	 for	 analysis,	 12	OTUs	were	 signifi‐
cantly	 associated	 with	 specific	 management	 combinations	 in	 the	




fungivorous	 (OTUs	 assigned	 as	 Aphelenchoides,	 Nothotylenchus)	
and	 bacterivorous	 (OTUs	 assigned	 as	Acrobeloides,	 Panagrolaimus,	
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TA B L E  2  Results	of	the	mixed	linear	models	testing	the	effect	of	soil	management	on	the	percentage	of	nematode	trophic	groups	
(bacterivores,	fungivores,	herbivores,	omnivores	and	predators)
 




CT—LOW 52	(35–68) 12	(6–22)b,	c 17	(6–39) 1.3	(0.3–4.6) 0.6	(0.2–2.4)
RT—LOW 53	(35–70) 13	(6–25)c 18	(7–41) 2.2	(0.5–8.3) 0.9	(0.2–3.50
CT—HIGH 65	(46–80) 9	(4–18)a,b,c 16	(5–38) 1.1	(0.2–4.8) 0.4	(0.1–1.5)
RT—HIGH 56	(38–73) 7	(3–15)a,b,c 20	(7–44) 1.4	(0.3–5.5) 0.8	(0.2–3.0)
10–20 cm
CT—LOW 58	(40–73) 10	(5–19)a,b,c 21	(8–45) 0.7	(0.2–2.9) 0.9	(0.2–3.1)
RT—LOW 40	(25–58) 7	(3–14)a 45	(21–72) 0.5	(0.1–2.3) 0.8	(0.2–3.0)
CT—HIGH 67	(49–81) 6	(3–13)a,b 17	(6–40) 0.3	(0.1–1.5) 0.4	(0.1–1.6)
RT—HIGH 43	(26–61) 8	(4–17)a,b,c 43	(19–70) 0.4	(0.1–1.6) 0.6	(0.1–2.1)
Tillage
F 12.2 0.97 20.15 0.09 1.52
p .002 .33 .0001 .76 .23
OM
F 3.7 5.98 0.20 1.27 3.45
p .067 .02 .65 .27 .07
Layer
F 3.64 10.27 27.43 25.35 0.02
p .06 .002 <.0001 <.0001 .88
T	×	OM
F 2.14 0.83 0.52 0.01 1.01
p .15 .37 .47 .92 .32
T	×	L
F 13.55 0.17 14.49 1.82 1.60
p .0005 .68 .0004 .18 .21
OM	×	L
F 0.13 3.92 0.39 0.43 0.25
p .71 .05 .53 .51 .62
T	×	OM	×	L
F 0.06 7.22 0.006 0.90 0.005
p .79 .009 .94 .35 .94
Group	B
LOW—CT 47	(11–86) 9	(4–21) 29	(6–72) 0.7	(0.01–33) 1.7	(0.06–32)
HIGH—CT 62	(20–92) 11	(4–26) 18	(6–72) 0.9	(0.01–0.36) 1.8	(0.07–32)
OM
F 9.82 1.55 6.65 0.33 0.05
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4.1 | Largest proportion of variation in nematode 
communities is explained by site
Measured	 abiotic	 and	 biotic	 (MBC)	 differences	 between	 the	 LTEs	
explained	most	 of	 the	 variation	 in	 nematode	 communities,	 in	 line	
with	results	 from	Neher,	Peck,	Rawlings,	and	Campbell	 (1995)	and	
Thomson	et	al.	 (2015).	This	result	 is	plausible,	since	the	LTEs	were	
selected	 to	 maximize	 intersite	 variation	 and	 to	 test	 if,	 in	 spite	 of	
large	differences	in	sites	across	pedoclimatic	conditions,	effects	of	
agricultural	 management	 were	 yet	 significant.	 Indeed,	 nematode	
communities	were	significantly	related	to	all	other	measured	soil	pa‐
rameters	when	LTE	was	not	used	as	a	random	factor.
4.2 | Reduced tillage increases nematode alpha 
diversity and alters beta diversity compared to 
conventional tillage
In	 accordance	 with	 our	 first	 hypothesis,	 nematode	 OTU	 richness	
and,	 to	 a	 larger	 extent,	 OTU	 (and	 genus)	 diversity	 and	 evenness	
were	increased	in	reduced	compared	to	conventional	tillage	across	
TA B L E  3  Results	of	the	mixed	linear	model	testing	the	effect	of	soil	management	on	the	maturity	index,	enrichment	index,	structure	
index	and	channel	index
 Maturity index Enrichment index Structure index Channel index
Group	A
0–10 cm
CT—LOW 1.64	(1.44–1.85) 79.4	(65.9–92.9) 32.9	(15.6–50.4) 6.5	(2.0–21.3)
RT—LOW 1.84	(1.63–2.04) 73.4	(59.9–86.9) 40.3	(22.8–57.8) 10.3	(3.1–33.8)
CT—HIGH 1.56	(1.35–1.77) 80.1	(66.4–93.7) 29.2	(11.5–47.0) 4.9	(1.5–16.4)
RT—HIGH 1.75	(1.54–1.96) 74.1	(60.5–87.6) 36.5	(18.9–54.1) 7.8	(2.4–25.7)
10–20 cm
CT—LOW 1.56	(1.36–1.76) 82.1	(68.6–95.5) 30.2	(12.8–47.6) 5.2	(1.6–16.9)
RT—LOW 1.75	(1.54–1.96) 76.1	(62.5–89.6) 37.5	(19.9–55.0) 8.1	(2.5–26.7)
CT—HIGH 1.48	(1.26–1.69) 82.7	(69.1–96.3) 26.4	(8.7–44.2) 3.9	(1.2–12.9)
RT—HIGH 1.67	(1.46–1.88) 76.7	(63.1–90.2) 33.7	(16.1–51.3) 6.1	(1.9–20.3)
Tillage
F 13.13 12.56 8.16 8.28
p .001 .001 .008 .008
OM
F 2.40 0.12 1.64 2.65
p 0.13 0.72 0.21 0.11
Layer
F 4.92 4.45 1.56 3.58
p .03 .04 .22 .06
Group	B
LOW—CT 2.1	(1.1–3.1) 67.2	(42.9–91.5) 49.0	(−0.24.8–122.9) 20.8 
(−1.2–42.9)
HIGH—CT 1.9	(1.0–2.9) 74.4	(51.6–97.2) 47.5	(−25.9–121.0) 11.8 
(−9.3–33.0)
OM
F 1.85 3.10 0.17 8.8
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as	 a	whole	 (LTEs:	CH3,	PT1,	HU1).	Also	 in	 the	 literature	 contra‐
dictory	results	were	found,	 reporting	negative	 (Wang,	McSorley,	
&	Gallaher,	2004),	 neutral	 (Ito	et	 al.,	 2015;	 Li	 et	 al.,	 2018;	Quist	
et	al.,	2016)	and	positive	effects	of	organic	matter	on	nematode	
numbers	(Nahar	et	al.,	2006;	Sánchez‐Moreno	et	al.,	2009;	Ugarte,	











p	<	 .0001,	respectively)	 in	the	high	compared	to	the	 low	organic	
matter	 input	 treatments,	 but	 we	 did	 not	 find	 differences	 in	mi‐
crobial	biomass,	cation	exchange	capacity	and	water	stable	aggre‐
gates	(p	=	.06,	p	=	.12	and	p	=	.51,	respectively).	Our	contradicting	




important	 factor	 for	 its	effect	on	nematodes	 (Ito	et	 al.,	 2015;	Li	
et	al.,	2018;	Liu	et	al.,	2016).	Also,	 it	 is	possible	that	the	conven‐
tional	tillage	applied	to	the	LTEs	of	group	B	neutralized	the	effect	
of	 organic	 matter	 additions	 (Briar,	 Grewal,	 Somasekhar,	 Stinner,	
&	Miller,	2007).	This	weak	effect	of	organic	matter	addition	sup‐
ports	previous	 studies	 that	 suggested	 that	 tillage	has	a	 stronger	
effect	on	nematode	communities	than	organic	matter	addition	or	
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TA B L E  4  Partial	correlation	coefficients	between	total	nematode	qPCR	counts,	OU	richness,	diversity,	and	evenness	and	chemical,	
physical	and	biological	indicators	for	the	samples	belonging	to	group	A	(n	=	132)	and	group	B	(n	=	35)
 























TOC 0.31**  0.36***  0.14 −0.0002 0.12 0.003 0.15 0.14
pH −0.02 0.06 −0.02 −0.04 0.37 0.06 −0.05 −0.07
TN 0.34***  0.34***  0.18*  0.04 0.02 −0.22 0.05 0.15
C/N −0.35**  −0.28*  −0.25*  −0.15 0.12 0.29 0.17 0.06
CEC 0.10 0.14 0.33***  0.30**  −0.14 −0.39*  0.19 0.37
Ca −0.02 0.04 −0.09 −0.10 0.03 0.07 0.29 0.28
Mg 0.13 0.18*  0.24*  0.18*  −0.15 −0.27 0.04 0.15
K 0.21*  0.39***  0.25*  0.14 0.25 0.17 0.11 0.03
Na −0.19*  −0.20*  −0.10 −0.04 −0.05 0.10 0.11 0.06
P 0.14 0.25*  0.08 −0.01 −0.10 0.21 0.15 0.07
Physical	parameters
WSA 0.24*  0.30***  0.17*  0.06 0.10 −0.14 −0.24 −0.17
WHC 0.06 0.04 0.03 0.01 0.007 −0.03 0.10 0.11
BD −0.38***  −0.38***  −0.17 −0.03 −0.20 −0.06 0.15 0.17
Sand 0.04 −0.009 −0.08 −0.08 −0.11 0.48*  0.28 0.07
Silt 0.07 0.10 −0.06 −0.11 0.27 0.23 0.02 −0.08
Clay −0.05 −0.20*  −0.04 0.03 −0.51*  −0.37 0.19 0.36
Biological	parameters
MBC 0.43***  0.41***  0.16 0.0007 −0.08 −0.23 −0.06 0.04
MBN 0.44***  0.21*  0.05 −0.04 −0.24 0.13 0.19 0.14
SR 0.45***  0.33***  0.24*  0.09 0.10 −0.05 −0.15 −0.12
qMic 0.22*  0.22*  0.09 0.009 0.009 −0.22 −0.15 −0.05
qCO2 −0.02 −0.02 0.13 0.19*  0.20*  0.21 −0.02 −0.11
Earthworm	number −0.10 −0.09 −0.17 −0.02 0.08 −0.16 −0.10 −0.03
Earthworm	biomass 0.05 −0.04 −0.12 −0.05 0.09 −0.24 −0.16 −0.06
Tea	bag	
decomposition
−0.49*  −0.31*  −0.35*  −0.27*  0.002 0.22 −0.12 −0.20
Soil	suppressiveness 0.37*  0.20 0.13 0.07 −0.16 0.09 0.0008 −0.04
Labile	carbon	fractions
Hy	SUVA −0.20*  0.06 0.07 0.05 −0.10 0.17 −0.11 −0.19
DOC	SUVA −0.26*  −0.06 0.07 0.10 0.009 −0.02 0.03 0.04
Hy‐DOC 0.27*  0.14 −0.06 −0.13 0.08 −0.02 0.05 0.06
DOC 0.06 0.09 0.08 0.03 0.10 −0.13 −0.09 −0.03
HWEC 0.48***  0.35***  0.19*  0.05 0.06 −0.16 0.08 0.14
POXC 0.46***  0.36***  0.18*  0.04 0.17 0.003 0.10 0.09
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4.3 | Reduced tillage increases stability and 
structure of the nematode community compared to 
conventional tillage










ment	 than	 conventional	 tillage,	 increasing	 the	 stability	 and	 the	
number	 of	 food	web	 interactions	 of	 the	 nematode	 communities	





prevail.	 In	our	study,	reduced	tillage	 increased	the	channel	 index	
(CI),	i.e.,	among	the	opportunistic	microbivorous	nematodes	there	
was	 an	 increase	 in	 the	 proportion	 of	 fungal	 feeders,	 confirming	
previous	findings	(Minoshima	et	al.,	2007;	Okada	&	Harada,	2007;	




associated	with	 faster	 rates	of	decomposition	and	nutrient	 turn‐
over,	our	 results	suggest	 that	changes	 in	nematode	communities	











However,	 the	higher	alpha	diversity,	MI	and	SI	 found	 in	 reduced	
tillage	could	indicate	that	the	activity	of	herbivorous	populations	
might	be	controlled	by	a	more	stable	and	structured	food	web.
In	 agreement	with	 our	 second	 hypothesis,	 high	 organic	mat‐
ter	 addition	 plots	 resulted	 in	 higher	 percentages	 of	 bacterivo‐
rous	nematodes	than	low	organic	matter	addition	plots,	and	they	





et	 al.,	 2010)	 have	 been	 previously	 reported	 in	 systems	with	 or‐
ganic	matter	addition.	Such	changes	in	MI	and	CI	can	be	explained	
by	 an	 increase	 in	 opportunistic	 bacterivores	 (Ferris	 &	 Bongers,	
2006),	and	a	stimulation	of	the	bacterivore	decomposition	chan‐
nel	(Pan	et	al.,	2010;	Wang	et	al.,	2004).	Altogether,	these	results	






4.4 | Nematode communities are mainly related to 



















disturbance,	 or	 indirectly	 through	 retention	 of	 crop	 residues	 at	 the	
soil	 surface,	which	can	 increase	water	 retention	and	 infiltration,	 soil	
organic	 carbon,	 and	 organism	 biomass	 and	 activity	 (Mloza‐Banda,	
Makwiza,	&	Mloza‐Banda,	2016;	Ranaivoson	et	al.,	2017).
4.5 | Only r selected taxa were found to be indicator 
OTUs for tillage and organic matter addition
Indicator	OTU	analysis	based	on	group	A	revealed	OTUs	that	were	
significantly	 associated	 with	 tillage	 and	 organic	 matter	 manage‐
ment.	Most	 of	 the	 indicator	OTUs	had	 a	 very	 low	 relative	 abun‐
dance.	 These	 taxa	 belonged	 mainly	 to	 the	 c‐p	 2	 group,	 and	 to	
bacterivorous,	 fungivorous	 and	 herbivorous	 nematode	 trophic	
groups.	Therefore,	contrary	to	our	fourth	hypothesis	none	of	the	
predatory	 and	 omnivorous	 nematodes,	 or	 nematodes	 belonging	
to	 c‐p	 groups	 4	 and	 5	were	 detected	 as	 indicator	 taxa.	 This	 can	
be	due	to	the	fact	that	in	these	intensively	managed	European	ar‐
able	systems,	relative	and	absolute	abundances	of	highly	sensitive	
nematode	 taxa	were	underrepresented	 and	 too	variable	 (i.e.,	 not	
present	in	all	samples).
5002  |     BONGIORNO et al.
4.6 | Advantages and limitations of studying 
nematode communities with amplicon sequencing
Our	molecular	analyses	 revealed	 that,	despite	 the	big	 influence	of	
the	 pedoclimatic	 characteristics,	 agricultural	 soil	 management	 re‐
sulted	in	changes	in	nematode	communities	and	nematode	food	web	
structure	 in	 line	with	 previous	 findings	 from	microscopic	 analysis	




A	 limitation	of	 current	 amplicon	 sequences	 approaches	 is	 that	
previous	 studies	 found	 that	 the	 relative	 read	 abundance	obtained	
do	 not	 perfectly	 match	 absolute	 abundance	 data	 determined	 mi‐
croscopically.	Possibly,	the	number	of	ribosomal	DNA	copies	differ	
















tocols	 and	 the	 amelioration	of	 data	 bases	 in	 order	 to	 guarantee	 a	
more	confident	application	of	nematode	communities	studied	with	
molecular	methods	in	soil	quality	assessments.
In	 conclusion,	 molecular	 nematode	 community	 analyses	 effec‐
tively	 differentiate	 soil	 management	 across	 10	 different	 European	
long‐term	field	experiments.	In	particular,	reduced	tillage	had	a	stron‐








The	 relationships	 found	 between	 soil	 nematode	 communities	
and	total	and	labile	organic	carbon,	total	nitrogen,	available	K,	and	
microbial	biomass	and	activity,	underline	the	relationship	between	
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are	 available	 from	 isqaper	work	 package	 3.3.	 Restrictions	 apply	 to	
the	availability	of	these	data,	which	were	used	under	license	for	this	
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